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Virus-receptor interaction represents a crucial step during virus entry. In this issue of Cell Host & Microbe,
Neu et al. (2010) identify a receptor motif that engages JC virus, a human polyomavirus known to cause
progressive multifocal leukoencephalopathy in immunocompromised individuals.Viruses engage receptors on the host
cell’s plasma membrane to gain entry.
This event represents a key step during
infection as it provides a gateway into
the cell interior. Insights into themolecular
basis by which a virus interacts with its
receptor should therefore provide an
opportunity to interfere with the infectious
process at the earliest entry point.
The human JC polyomavirus (JCV)
belongs to the polyomavirus family, which
includes the murine polyomavirus (mPy),
simian virus 40 (SV40), human BK virus
(BKV), and human Merkel cell polyomavi-
rus (MCPyV). In the immunocompromised
situations of those such as AIDS patients
or those who have undergone organ
transplants, JCV can cause a fatal demy-
elinating disease called progressivemulti-
focal leukoencephalopathy. Strategies in
managing the progression of this disease
continue to be unsatisfactory to date.
Moreover, JCV remains a potential causa-
tive agent for various human cancers,
although a definite role of this virus in
tumorigenesis has yet to be to be deter-
mined. As such, clarifying the molecular
basis of JCV’s cellular entry process will
likely have important clinical implications.
Structurally, members of the polyoma-
virus family are composed of 72 pentam-
ers of the VP1 coat protein assembled
into an icosahedral viral capsid (Stehle
et al., 1994). This outer coat also binds
directly to carbohydrate motifs on host
receptors (Stehle et al., 1994; Neu et al.,
2008). Thus, the specificity of interaction
between polyomaviruses and their host
receptor is dictated by the properties of
VP1. Although the carbohydrate motifs
canbeattached toproteins or lipids, those
that are attached to lipids often represent
functional receptors for the polyomavirus
family (Tsai et al., 2003; Low et al., 2006).
In the case of JCV, it has been estab-
lished that sialic acid (SA) is a criticalcomponent of the host receptor required
for infection (Liu et al., 1998). However,
the precise carbohydrate motif necessary
for interaction with JCV’s VP1 is not
known. Additionally, while the serotonin
receptor is an established functional
receptor for JCV (Elphick et al., 2004),
the putative oligosaccharide receptor
that harbors the SA important for JCV
infection does not appear to be the sero-
tonin receptor (Maginnis et al., 2010).
Hence, as a first step to pinpoint this
oligosaccharide-containing receptor, the
Stehle and Atwood groups sought to
identify the complete sugar motifs that
serve as the virus-binding moiety.
Using a combination of well-designed
glycan-array screening approach and
infection assays, Neu et al. (2010) pin-
pointed an unusual motif present on either
glycoproteins or glycolipids that binds to
the human JCV VP1 with high specificity.
This motif is a linear sequence of five
sugar molecules called LSTc, consisting
of SA-a2, 6-Gal-b1, 4-GlcNAc-b1, 3-Gal-
b1, 4-Glc (designated SA, Gal, GlcNAc,
Gal, Glc, respectively; Figure 1A). Both
the linear (i.e., unbranched) nature of this
sequence as well as the precise carbon
atom linkages between the adjoining
sugar molecules are critical for the
binding reaction.
In an elegant ensuing structural anal-
ysis, the authors provide the first atomic
view of JCV VP1 solved with or without
the pentasaccharide. The X-ray structure
demonstrates that the pentasaccharide
adopts an unusual ‘‘L’’ shapewhen bound
to JCV VP1, with the shorter leg formed by
SA and Gal and the longer legmade of the
GlcNAc, Gal, andGlc residues (Figure 1A).
The SA and GlcNAc sugars provide
a majority of the contact sites with VP1,
while the second sugar Gal and the
terminal Gal-Glc residues make van der
Waals interactions with VP1. TheseCell Host & Microbe 8terminal residues also extend the
distance between the critical SA residue
on LSTc and the membrane of the target
cell surface, thereby preventing potential
steric clashes.
One of the most unusual features of the
JCV VP1-LSTc interaction is that all five
sugar molecules within a linear carbohy-
drate sequencemakecontactwith the viral
capsid. This observation is not only unique
among the polyomavirus family, but
also among virus-receptor interactions in
general. FormPywhere structural informa-
tion of the VP1-sugar complex is available,
the disaccharide SA-Gal on the glycolipid
receptor GD1a and GT1b engage VP1
(Figure 1B; Stehle et al., 1994; Tsai et al.,
2003). There is also an X-ray structure of
the SV40 VP1-sugar complex (Neu et al.,
2008). In this case, while the Gal and SA
on both branches of the GM1 glycolipid
make contact with SV40 VP1 (Figure 1C),
all of GM1’s sugar residues need to be
aligned in a ‘‘Y’’ shape to allow for this
interaction. Biochemical analyses further
suggest that the di-SA motif attached to
one branch of the glycolipids GD1b and
GT1b binds to BKV VP1 (Figure 1D; Low
et al., 2006), while the SA residue on both
branches of the GT1b glycolipid is thought
to interact with MCPyV VP1 (Figure 1E;
Erickson et al., 2009).
Another different feature of the VP1-
LSTc binding event is that the LSTc
binding pocket on JCV VP1 evidently
undergoes structural changes upon li-
gand interaction. The most striking con-
formational change is observed in a crit-
ical asparagine residue that binds to
the SA and GlcNAc residues of LSTc.
This ‘‘induced-fit’’ model is not observed
when carbohydrates engage either mPy-
or SV40 VP1 (Stehle and Harrison, 1997;
Neu et al., 2008), further underscoring
the distinctive nature of JCV’s interaction
with its receptor-moiety., October 21, 2010 ª2010 Elsevier Inc. 301
Figure 1. Polyomavirus VP1-Carbohydrate Interaction
(A) JCV VP1 binds to the LSTc pentasaccharide motif attached to either a protein or a lipid. The SA and
GlcNAc residues of LSTc provide the major contact sites with VP1.
(B) mPy VP1 interacts with the SA-Gal motif attached to one branch of gangliosides GD1a or GT1b.
(C) SV40 VP1 engages the Gal and SA residues on both branches of ganglioside GM1.
(D) BKV VP1 is predicted to bind to the di-SA motif of ganglioside GD1b or GT1b.
(E)MCPyV is postulated to interactwith the SA on both branches of gangliosideGT1b. The shaded light blue
area represents VP1-sugar interactions for which there are only biochemical but no crystal structure data.
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provide a sound rationale to design
appropriate antiviral compounds that302 Cell Host & Microbe 8, October 21, 2010block the initial step of JCV infection. For
instance, based on the high-resolution
structure of the JCV VP1-LSTc complex,ª2010 Elsevier Inc.a chemical inhibitor may be synthesized
that binds with higher affinity than
LSTc to VP1’s receptor-binding site. Un-
covering the carbohydrate motif of the
receptor also leads to the obvious
question: what is the identity of JCV’s
functional receptor that harbors the
LSTc motif? Is LSTc attached to a protein
or a lipid (Figure 1A)? Elucidating the
nature of this receptor will undoubtedly
clarify the intracellular transport pathway
that supports virus infection. This infor-
mation, in turn, should reveal additional
host components hijacked by JCV during
infection, thereby furthering the range of
targets available for therapeutic interven-
tion. Indeed, the full promise of what is
unveiled in this present finding awaits
future discoveries.REFERENCES
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